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INTRODUCTION 
As the population tends to urbanize, the.~otential 
consumer market of fresh produce becomes distant from the 
producing farm. This distance brings to growers and handlers 
the problems of how to keep their fresh products unspoiled 
after harvest and during transit period of shipping, and how 
they can be delivered to the specified destination without 
substantial deterioration. It is the common interest of 
fruit growers, shippers, wholesalers, and retailers that the 
shelf-life of fresh fruit be prolonged to increase sales. 
Sweet cherries are one of the important fruit crops in 
Utah . Being highly perishable , fresh sweet cherries have 
relatively short storage life after harvest . It is known 
that the approximate limit for the successful commercial 
storage of fresh sweet cherries is about 10 days to 2 weeks 
only . A practicable measure for extending this storage limit 
has to be established so that the market may have fresh sweet 
cherries over a longer season and also be abl e to balance the 
time of plenty and the ti me of scarcity . Furthermore, the 
Utah grown cherries may find new outlets in the distant 
market . Thus the benefit will be shared by the grower, the 
seller, and the consum e r . 
Metabolic breakdown and fungal deterioration are the 
two important factors which cause the spoilage of fruits. 
Studies have shown that with man y perishable produces, 
precooling--the prompt application of refrigeration prior 
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to normal storage or transportation~is the key to successful 
storage. Hydro -cooling treatment is considered to be advan-
·tageous especially in Utah , where high temperature and low 
relative humidity predominate during the harvest season of 
sweet cherries. Post -harvest chemical and packaging treat-
ments of sweet cherries are possible approaches on ext ending 
the keeping quality of the fruits concerned. With some of 
the antifungal agents available today, the fungi which cause 
fruit decay might be successfully cont rolled. As a matter 
of fact , new fungicides, antifungal antibio tics, and packag-
ing films are continu ously dev elope d by the industries in 
the United Stat es. Appropriate combination of these newly 
developed materials with hydro-cooling followed by refrigerated 
storage , coupled with in vitro study of the effects of chemi-
cals on fruit decay org anisms , mig ht lead to an improvement 
in the storage life of sweet cherries . 
It was with this idea in mind that experime nts were 
conducted to study the effects of hydro-cooling, ch emic als, 
and packaging treatments on preserving fresh sweet cherries 
and also in vitro effects of chemic als on certain fungi 
responsibl e for fruit deterioration " 
REVIEW OF LITERAT URE 
In extending the preservation of fresh fruits, various 
chemicals have been used and their effe ctive ness differs 
greatly with the kinds of chemical , fruitJ decay organism, 
and method of applicationo Among 140 organic and inorganic 
fungicides tested by Norman ( 1956 ) in controlling Botrytis 
rot of strawberries , mercury-containing compounds were found 
to be superior to the oth e rs o He also found Captan was 
considerably less effective than the mercury compounds; 
however, Captan-treated berries we r e less than 45 percent 
rotted as compared to the inoculated controls, which were 
nearly 100 percent deterioratedo Smith et al . (1956) evalu-
ated the effects of 67 chemicals against brown and Rhizopus 
rots peaches . Sprays of Orthocide 50 wetta b le (C aptan) and 
Isothan Q15 wer e eff e ctive in r e du cin g Rhizopus rot. Dowicide 
A spray an d a combination treatment of sulfur dust followed 
by fumigation with tetrachloroethylene ef f ectiv ely reduced 
both brown rot and Rh i zopus roto 
Eckert and Kolbezen ( 1962 ) re porte d 2-aminobutane was 
effective in reducing decay of citrus fruits incited by 
Penicillium digit~tum Sacc. They considered 2-aminobutane 
might be a citrus decay control agent for us e in California, 
but in other citrus-producing areas where major decay 
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problems were due to organisms other than Penicillium, the 
utility of 2-a mino butane might be limited. Ogawa et al. 
(1961) wer e able to prevent Rhizopus rot (Rhizopus stolonifer) 
of sweet cher ries by using 2,6 - dichloro-4-nitroaniline 
(U-2069) for 30 hours at 1000 ppm and for 72 hours at 1500 
and 2000 ppm, They reported that the chemical was fungi-
static at 2000 ppm. Tuli et al. (1962) found that post-
harvest treatment of freshly harvested sweet cherries with 
N6-benzyladenine resulted in more attractive and greener 
fruit pedicels and less loss of fresh weight of the fruit 
during storage for seven days at 70° F. 
Progr e ss in the application of antibiotics in food 
preservation has been increasing in the last decade. Investi-
gations revealed that chlortetracycline, oxytetracycline and 
chloramphenicol were effective for preservation of fish, 
meat , and poultry (Tarr et al ,, 1952; Kohler et al ., 1955; 
Tarr et al. 1 1954 ). However, relatively fewer studies con-
cerning effects of an tibi otics on preservation of food of 
plant origin have been con ducted . Muller (1 958 ) , in a study 
of the ·influence of certain antibiotics on various plant 
pathogens , found Eulicin, Candicidin, Nystatin , Filipin, 
Amphot ericin B, and Can didin were effective against many of 
the fungi . The spores were more susceptible to the anti-
biotics than the hyphae, he reported. Klis et al . (1959) 
evaluated t he effectiveness of six antifungal antibiotics 
and sorbic acid in inhibiting the growth of 16 c ommon food 
spoilage fungi. Antifungal antibiotics arranged in order of 
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decreasing effectiveness in producing complete inhibition of 
the test fungi were Myprozine 1 Rimocidin e, Nystatin, Fungi-
zone, Actidione , and Griseo fulvin . Two fungi, Aspergillus 
niger and Zygosaccharomyces barkerii, were not inhibited by 
1000 ppm of sorbic acid . 
Precooling by hydro-cooling removes the field heat of 
fresh fruits right aft er the harvest, and slows down the 
metabolic breakdown of the fruit as well as activities of 
microflora existing on the fruit and eventually helps in 
extending the storage life of the fruit . McClure (1958) 
reported hydro-cooling peaches with the addition of Chlorox 
(sodium hypochlorite) or Dowicide A (s odium-o -ph enylphen-
oxide) to ~he hydro-cooling water significantly reduced the 
decay caused by the brown rot or the Rhizopus rot fungus . 
Salunkhe et al . (1962) reported that hydro-cooled peaches 
lasted longer with U-2069 treatment than non-treated 
peaches. 
Ayres a nd Denisen (1958) reported that the use of 
plastic containers generally resulted in less spoilage of 
strawberries and raspberries than when the fruit was stored 
in wooden boxes , especiall y if the woode n boxes were used 
previously. They found cellulose acetate was the most 
promising film for wrapping strawberri e s and raspberries. 
Color and firmness of cranberries were better after 30 days 
or longer storage when the fruit was packaged in Mylar, 
Saran, or polyethylene. By using several chemicals such as 
Captan, DHA-S, Dowicide A, in dipping treat~ents and 
prepackaging the treated fruits in polyethylene bags, 
Salunkhe and Norton (1960) extended the shelf-life of 
strawberries and sweet cherries significantly. Salunkhe 
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et al. (1962) reported that packaging film Mylar 50 was 
effective in extending the storage life of sweet cherries 
treated with chemical dips. Captan and Mycostatin were 
effective in prolonging the shelf-life of prepackaged stone 
fruits such as apricots and peaches and also pears, according 
to the study of Salunkhe and Dhaliwal (1963) Hardenburg 
(1958) reported that cherries in polyethylene may even be 
held in cold storage at 31° F for as long as 2 weeks 
following harvest and still be shipped by freight to eastern 
markets in acceptable condition. 
METHODS AND MATERIALS 
Hydro-cooling sweet cherries 
with antifungal agents and 
packaging treatment 
Sweet cherries ( Prunus avium, L., variety Lambert) used 
for the experiments were obtained from the Howell Field 
Station, Pleasant View, Utah. The fruits were picked with 
the green pedicels intact, and the red firm ripe cherries of 
the same maturity without injury were sorted for the pre-
cooling treatment, hydro-cooling with chemicals. This was 
performed at the farm as soon as possible after the harvest. 
A pilot type hydro-cooler was used (Salunkhe et al ., 1962), 
Figure 1 . The water kept in the lower tank of the hydro-
cooler was refrigerated with crushed ice to maintain the 
temperature at 32° F . Antifungal antibiotic, Mycos~ti~ 1 
was incorporated into the water with dimethylformamide and 
wetting agent , Triton B-1956 (4 ml per gallon of test 
solution ) , to obtain maximum coverage of the test chemical 
over the cherries . Two grades of antibiotics , pharmaceutical 
grade (Mycostatin) and agricultural grade (Mycostatin 20), 
were used at 400 pp m concentration on the active ingredient 
,I 
base. The ice cold water was pumped from the . bottom.of the 
1Mycostatin and Mycostatin 20 were furnished by the 
Squibb Institute for Medical Research , New Brunswick, N, J. 
8 
Figure 1. Pilot type hydro-cooler and temperature recorder. 
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tank up into t h e upper reservoir which has a perforated 
screen. Then t he water showered dow n through t he screen and 
flooded over the cherries which were pla c ed in t h e cooling 
compartment be tween the head spreader and the lower tank. 
Circulation of the ice water resulted in rapid removal of 
field heat from the surface of the cherries. The cherries 
were treated in th e hydro-cooler for 10 minutes. Temperature 
changes of cherries were recorded through the use of thermo-
couples and an automatic temperature recorder. 
After the hydro-cooling operation, the cherries were 
drained and packaged in five kinds of flexible film bag. 
They were polyethylene A, polyethylene B, LSAD 300, LSAD 
450, and Mylar 50 films. 2 
Following these treatments, the cherries were stored in 
a refrigerated room with temperature and relative humidity 
adjusted at 32° F and 90 percent until unfit for consumption. 
Post-harvest chemical dips and 
packaging treat ments of sweet 
cherries 
For this experiment, Lambert cherries we re also obtained 
from the Howell Field Station, Pleasant Vi e w, Utah. Freshly 
harvested , firm, red ripe, sound fruits with green pedicels 
were sorted for post-harvest chemical dip treat ment in the 
processing laboratory. Cherries were ino c ulated with spores 
2Packaging films LSAD 300, LSAD 450 , and Mylar 50 were 
furnished by E . I. du Pont de Nemours and Company, Wilmington, 
Delaware . Polyethylene A was furnished by Mehl Mfg., Co., 
Cincinnati , Ohio . Polyethylene B was furnished by Shelly, 
Inc., Farmington, Minnesota. 
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of fungi responsible for fruit decay in order to insure the 
severity of the test . The spore suspension was prepared 
from seven-day-old potato dextrose agar plate cultures of 
Aspergillus sp., Penicillium sp . , Rhizopus ·sp., and B6trytis 
sp. A small amount of wetting agent, Triton B-1956, was 
added to prevent spore clumping, and the spore suspensions 
were adjusted to 10 5 spores per ml for inoculation use. The 
cherries were immersed into the spore suspension for 1 
minute, then drained and air dried. 
Following the inoculation, the cherries were dipped 
into various concentrations of antifungal chemicals for 2 
minutes and drained and air dried. After this, the cherries 
were packaged in flexible Mylar 50 film bags and stored at 
32° F, 90 percent relative humidity until unfit for con-
sumption. 
The use of most of the antifungal chemicals employed in 
this experiment as fruit preservative has not been cleared 
by the Food and Drug Administration. Only potassium sorbate, 
sodium dehydroacetate (DHA-S), Captan, and Dowicide A have 
the approval with a limited dosage (Hayley, 1964). The 
antifungal chemicals used were: Amphotericin B, Candicidin, 
Filipin, Mycostatin, Mycostatin 20, Myprozine, Captan, 
DHA-S, Difolatan, Dowicide A, Phaltan, potassium sorbate, 
SD 8251, secondary butylamine, and U-2069. 3 
3The antifungal chemicals were furnished by several 
manufacturers: Amphotericin B by E. R. Squibb and Sons, 
New Brunswick, N. J.; Candicidin by S. B. Penick and 
In vitro effect of antifungal 
chemicals on growth of fungi 
responsible for fruit decay 
Four fungi responsible for fruit decay were selected 
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as test organisms. They were Aspergillus sp., Penicillium 
sp., Rhizopus sp., and Botrytis sp. The paper disc-diffusion 
method (Muller, 1958) was used in studying the biological 
spectra of the antifungal agents. Filter paper discs (10 mm 
diameter) were immersed in the test chemical solution until 
saturated, after which they were allowed to drain for a few 
seconds before being placed firmly upon agar plates which 
had been previously inoculated with the test organisms. 
Sabouraud maltose agar (Difeo) was used for the culture 
medium. The inoculum was prepared by suspending the spores 
harvested from Sabouraud maltose agar slant culture (seven 
days old) in sterile physiological sodium chloride solution 
and adjusted to 10 5 spores per ml. Ten ml of this suspension 
was added to 90 ml of melted Sabouraud maltose agar and mixed 
thoroughly, and then the plates were poured. 
Three concentrations for each of the following anti-
fungal chemicals ~ Amphotericin B, Candicidin, Captan, DHA-S, 
Company, Pearl River, N. Y.; Filipin and U-2069 by the Upjohn 
Chemical Company , Kalamazoo, Mich . ; Myprozine by Lederle 
Laboratories Division, American Cyanamid Company, Pearl River, 
N.Y.; Captan, Phaltan, and Difolatan by California Chemical 
Corporation, Richmond, Calif . ; DHA-S and Dowicide A by the 
Dow Chemical Company, Midland, Mich.; potassium sorbate by 
Union Carbide Chemical Company, Division of Union Carbide 
Corporation, New York, N. Y . ; SD 8251 by Shell Development 
Company, Modesto, Calif . ; secondary butylamine by Industrial 
Chemical Division, Pensalt Chemicals Corporation, Philadelphia, 
Pa. 
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Difolatan, Dowicide A, Filipin, Mycostatin, Myprozine, 
Phaltan, secondary butylamine, potassium sorbate, SD 8251, 
U-2069, and DAC 2787 4 were used in this experiment. 
4The antifungal chemical DAC 2787 was furnished by 
Diamond Alkali Company, Cleveland, Ohio. 
RESULTS 
Effect of hydro-cooling on 
rapid removal of field 
heat of Lambert cherries 
In each run of the pilot type hydro-cooler, two wooden 
boxes of Lambert cherries (approximately 25 pounds per box) 
were hydro-cooled with ice water (32°-34° F), and incorporated 
with 400 ppm of Mycostatin and Mycostatin 20, by circulating 
at a flow rate of 16.9 gallons per minute per square foot of 
cross-sectional area. Thermocouples were imbedded at pit 
depth of cherries located at top, center, and bottom of the 
box, and the continuous temperature changes were recorded 
by an automatic recorder. 
A rapid decrease in initial temperature difference 
(gradient) between cherries and cooling water was noticed. 
The half-cooling time (Guillou, 1958) of cherries obtained 
graphically from the gradient curve, Figure 2, was less than 
1 minute. The gradient was decreased to 1 degree in 5 minutes 
and after 6.5 minutes of hydro-cooling the gradient became 
zero, in other words, the cherry temperature became the same 
as that of the cooling water, 32° F. The small fruit size 
or the large surface area was considered to be the main 
factor which caused rapid heat transfer between cherries 
and showering ice water. Thus resulted in a very short 
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Figure 2. Gradient changes during hydro-cooling of Lambert 
cherries. 
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hydro-cooling time. Average ice consumption was about 50 
pounds of ice per 25 pounds of cherries for 2 hours of the 
total operating time. 
Effect of hydro-cooling with 
antifungal antibiotics 
combined with packaging 
films on fungus growth and 
storage quality of Lambert 
cherries 
Freshly harvested Utah grown Lambert cherries with 
pedicels attached were hydro-cooled with antifungal anti-
biotic, Mycostatin. Two different grades of Mycostatin were 
used, pharmaceutical and agricultural grade (Mycostatin 20), 
for comparing their effectiveness at 400 ppm level. The 
hydro-cooled cherries were packaged in film bags of five 
kinds: polyethylene A, polyethylene B, LSAD 300, LSAD 450, 
0 
and Mylar 50, and then stored at 32 F, 90 percent relative 
humidity. 
As can be seen from Table 1, no fungus growth occurred 
at all in treatments after they were stored for 7 days. 
Mycostatin-treated cherries in all packaging films and 
Mycostatin 20-treated cherries in polyethylene A and Mylar 
50 films were free from fungal infestation after 14 days. 
In general, the growth of fungi which might have existed as 
natural microflora upon the cherries before harvest was 
fairly slow. 
After 30 days storage there was some fungus growth on 
Mycostatin-treated lots while controls showed extensive 
fungus growth. Fewer infected cherries and fewer colonies 
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Table 1. Effect of Mycostatin, Mycostatin 20, and packaging 
films on fungus growtha of hydro-cooled Lambert 
cherries stored at 32° F, 90 percent relative 
humidity 
Chemicals/packagings 
Control (untreated) 
polyethylene A 
polyethylene B 
LSAD 450 
LSAD 300 
Mylar 50 
Mycostatin (400 ppm) 
polyethylene A 
polyethylene B 
LSAD 450 
LSAD 300 
Mylar 50 
Mycostatin 20 (400 ppm) 
polyethylene A 
a 
polyethylene B 
LSAD 450 
LSAD 300 
Mylar 50 
no growth. 
+ very few growth. 
+ few growth. 
++=moderate growth . 
+++=much growth. 
++++=profuse growth. 
7 14 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Days in storage 
21 30 60 90 
++ +++ +++ ++++ 
++ +++ ++++ ++++ 
++ +++ ++++ ++++ 
++ +++ ++++ ++++ 
+ ++ +++ ++++ 
+ + ++ +++ 
+ + ++ ++++ 
+ + +++ ++++ 
+ + +++ ++++ 
+ + ++ +++ 
+ + +++ ++++ 
+ ++ +++ ++++ 
+ ++ +++ ++++ 
+ ++ +++ ++++ 
+ + +++ ++++ 
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mainly distributed around the pedicel end of infected fruits 
were observed in Mycostatin-treated samples. 
At the storage period of 60 days, a few blue-colored 
spore formations were observed in Mylar 50 and polyethylene 
packages of Mycostatin-treated cherries. However, the fungus 
growth was rather suppressed and seemed to be restricted at 
the stem end of fruit without infesting the other parts of 
the fruit. But much fungus growth was observed in the rest 
of the packages, in Mycostatin 20-treated samples and in 
controls. Microscopic observation revealed that the infect-
ing fungi were predominantly Penicillium species. 
Most of the cherries became infected with fungi when 
the storage period was extended to 90 days, an extraordinarily 
long period for cherry storage. Yet there were some survivals 
which remained uninfected. 
The natural bright red color was retained fairly well 
in the hydro-cooled cherries up to 30 days storage, regard-
less of the grade of Mycostatin used. It was interesting to 
see that after 60 days, cherries in Mylar 50 films still had 
their bright red color and green stems (Figures 3 and 4) 
whereas the controls (Figure 6) as well as Mycostatin 20-
treated fruits showed discolorations (Figure 5) and flat 
flavors. Modified atmosphere of increased C02 and decreased 
02 was built up in the packages because the respiration of 
cherries was going on slowly. The anaerobic environment thus 
formed might have affected the infecting aerobic fungi to 
some extent in addition to the effect of antibiotics. Also 
-·"-
Figure 3. 
A hydro-cooled with Mycostatin (400 ppm). 
B control 
18 
Lambert cherries in Mylar 50 film bag photo-
graphed 60 days after storage at 32° F " 90 
percent relative humidity). 
1 =,hydro-cooled with Mycostatin (400 ppm) and 
packaged in Mylar 50 film. 
2 control in Mylar 50 film. 
3 control in wooden box. 
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Figure 4. Effect of Mycostatin and packaging treatment on 
fungal growth of Lambert cherries (photographed 
60 days after storage at 32° F, 90 percent 
relative humidity). 
+=hydro-cooled with Mycostatin 20 (400 ppm) 
and packaged in Mylar 50 film . 
. 2 control in Mylar 50 film. 
3 control in wooden · box. 
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Figure 5. Effect of Mycostatin and .packaging treatment on 
fungal growth of Lambert cherries (photographed 
60 days after storage at 320 F , 90 percent 
relative humidity). 
21 
Figure 6. Lambert cherries in wooden box (photographed 60 
days after storage at 32° F, 90 percent relative 
humidity). 
Note the moisture condensation 
Figure 7 . Lambert cherries in polyethylene B film bag 
(photographed 60 days after storage at 32° 
F, 90 percent relative humidity). 
22 
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the unacceptable flavor detected was considered to be the 
product of anaerobic breakdown of cherries . Howeve r, the 
effect of modified atmosphere differed with diff eren t 
packaging films as they have different permea bilit y charac-
teristics with specific gases and water vapors. Among the 
packaging films used in this experiment, Mylar 50 appeared 
to be . the best with this respect. A greater amount of water 
condensation was observed in LSAD and polyethylene films, 
Figure 7, so that fungus growth was favored . 
As a result of the multiple effects of antibiotics, 
modified atmosphere, low temperature, high relative humidity, 
and packaging films, and different percentages of marketable 
cherries at various periods were obtained in this experiment, 
Table 2. Mycostatin treatment at 400 ppm with Mylar 50 
packaging film were the best combination in this hydro-cooling 
experiment in keeping the cherries for a longer period with 
less deterioration . A fairly good result was obtained with 
polyethylene A film. 
Effect of post-harvest chemical dips 
on storage life of Lambert cherries 
packaged in Mylar 50 film bags and 
stored at 320 F, 90 percent relative 
humidity 
Red, firm ripe Lambert cherries harvested with pedicels 
were inoculated with spores of Asp ergillus sp., Penicillium 
sp ., Rhizopus sp ., and Botrytis sp. The cherries were then 
dipped into selec ed antifungal chemical solutions for 2 
minutes and subsequently packaged in Mylar 50 film bags. 
Table 2. Effect of Mycostatin, Mycostatin 20, and 
packaging films on percent of marketable 
sweet cherries (variety: Lambert) hydro-
cooled and stored at 320 F, 90 percent 
relative humidity (average of four repli-
cations) 
Days in storage 
Chemicals P·ackaging films 30 60 90 
(percent marketable) 
Control a field box 19.80 7.1 0 
Control b polyethylene A 63.25 30.48 0 
polyethylene B 59.18 10.78 0 
LSAD 450 54.53 9.03 0 
LSAD 300 61.20 7.28 0 
Mylar 40 79.20 39.84 0 
Mycostatin 
(400 ppm) polyethylene A 95.10 70.60 11.2 
polyethylene B 88.90 61.55 6.0 
LSAD 450 83.47 28.65 0 
LSAD 300 85.33 38.85 0 
Mylar 50 99 . 55 77.45 13.7 
Mycostatin 2oc 
(400 ppm) polyethylene A 77 .10 22 .33 0 
polyethylene B 69.50 22.30 0 
LSAD 450 71 . 20 21.98 0 
LSAD 300 75.78 27.10 0 
Mylar 50 88.53 45.20 0 
aNo hydro-cooling and Mycostatin treatment, only packed 
field box. 
in 
bNo hydro-cooli ng and Mycostatin treatment, only packaged 
in plastic bags. 
CAgricultural grad e Mycostatin. 
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They were stored in a refrigerated room at 32° F, 90 percent 
relative humidity. 
As can be seen in Table 3, after 30 days in storage the 
decay was effectively prevented by several chemicals, while 
about three-fourths of the cherries in the control group were 
spoiled. Amphotericin B, Candicidin, Filipin , Mycostatin 20, 
and Mycostatin were the effective antifungal antibiotics, and 
Captan, Phaltan, and Difolatan were the effective organic 
fungicides. The effectiveness shown by these chemicals was 
obtained at their higher concentrations used in the experi-
ment. 
The rate of decay increased with the length of storage. 
Most of the chemicals appeared to be unable to control the 
fungal growth as the storage period was extended to 60 days. 
At this period, the percent of marketable cherries decreased 
greatly in all of the samples. However, Mycostatin and 
Difolatan at 1000 ppm concentration were able to retain 40 .1 
and 37.1 perce n t of marketable cherries, respectively. All 
treatments were totally infected at the end of 90 days . 
The chemicals used in the experiment were classified 
into three groups : effective, moderately effective, and 
non-effective. They were arranged in order of decreasing 
effectiveness as follows: Mycostatin ( 1000 ppm), Difolatan 
(1000 ppm), Mycostatin 20 (1000 ppm), Mycostatin (400 ppm), 
Captan (2400 ppm), Phaltan (2400 ppm), and Candicidin (1000 
ppm) in the effective group; U-2069 (1000 ppm), Amphotericin 
B (1000 ppm), Captan (1 200 ppm ), Phaltan (1200 ppm), 
Table 3. Effect of post-harvest chemical dips on percen t 
marketable Lambert cherries pa ckage d in Mylar 50 
film bags stored at 32° F, 90 percent relative 
humidity 
Chemicals 
Cone. 
ppm 30 
Days i.n storage 
60 
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Percent marketable (avg. of 3 replications) 
Control 
Amphotericin B 500 
1000 
Candicidin 500 
1000 
Capt an 1200 
2400 
DHA-S 500 
1000 
Difolatan 500 
1000 
Dowicide A 1000 
2000 
Filip in 200 
400 
Mycostatin 20 400 
1000 
Mycostatin 400 
1000 
Myprozine 100 
200 
Phaltan 1200 
2400 
Potassium sorbate 500 
1000 
SD 8251 1 
10 
Sec. butylamine 2500 
5000 
U 2069 500 
1000 
25 . 2 0 
81. 7 
96.9 
85.4 
97.7 
87. 3 
98 .4 
51. 6 
53.9 
84.0 
97.9 
83.6 
83 . 8 
70.4 
90 . 5 
83.6 
95 . 9 
96.7 
98 . 6 
72 . 8 
73 .8 
82.6 
96 .7 
41 . 7 
46 . 3 
10 . 8 
65.6 
52 . 5 
70 . 1 
79 . 2 
87.8 
3 . 7 
18.8 
10 . 5 
19.6 
17 . 6 
31.0 
0 
0 
11.3 
37 . 1 
0 
8 . 2 
0 
4 . 7 
16.2 
33 . 8 
24 . 3 
40.l 
0 
0 
12.3 
19.8 
0 
0 
0 
0 
0 
0 
5.4 
19.2 
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Mycostatin 20 (400 ppm), Difolatan (500 ppm), and Candicidin 
(500 ppm) in the moderately effective group; Dowicide A, 
Filipin, DHA-S, Myprozine, potassium sorbate , secondary 
butylamine , and SD 8251 in the non-effective group. 
Although spores of four fungi wer e used in inoculating 
the cherries, the predominant infecting fungus observed was 
Penicillium sp. This fungus exhibited a tolerance toward 
the adverse conditions in the packages such as modified 
atmosphere and the presence of antifungal chemicals and a 
low temperature of 32° F . 
In vitro effect of antifungal chemicals 
on fungi responsible for fruit decay 
Aspergi ~llus sp. , Penicillium sp. ? Rhizo pus sp., and 
Botrytis sp. were selected as test fungi in evalua ting the 
effect of selected antifungal chemicals by the paper disc-
diffusion method (Muller, 1958). After incubating the seeded 
Sabouraud maltose agar plates at 70° F, 85 percent relative 
humidity for 5 days, different sizes of clear zones were 
developed around the paper discs, Figures 8, 9 , 10 and 11 . 
Diameters of these zones of inhibition were measured and 
presented in Table 4 . By summing up the length of diameters 
of zone of inhibition obtained from the chemicals on the 
four test fungi at specific concentrations, a maximum value 
of 158 was derived from Mycostatin at 1000 ppm. 
In this method of comparing the effect against the test 
fungi, an order of decreasing effectiveness was found to be 
as follows : Mycostatin (400 ppm), Difolatan ( 1000 ppm), 
28 
Test organism: Aspergillus sp. Top row from 
left to right: Amphotericin B (100, 10, 1 ppm), 
Candicidin (500, 100, 50 ppm), Filipi n (200, 100, 
10 ppm). Bottom row from left to right: 
Mycostatin (1000, 400, 200 ppm), Myprozine (20, 
10, 5 ppm), control. In each plate, paper discs 
with higher, medium, and lower concentration of 
a chemical were placed at top left, top right, 
and bottom, respectively. 
Figure 8. Effect of antifungal chemicals on fungal growth 
( 1) . 
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Test organism: Aspergillus sp. Top row from 
left to right: Captan (1000, 500, 250 ppm), 
Difolatan (1000, 500, 250 ppm), Phaltan (1000, 
500, 250 ppm), control. Bottom row fr6m left 
to right: DAC 2787 (100, 50, 10 ppm), Dowicide 
A (2000, 1000, 500 ppm), SD 8251 (1000, 100, 10 
ppm), U 2069 (1000, 750, 500 ppm). In each 
plate, paper discs with higher, medium, and 
lower concentration of a chemical were placed 
at top left, top right, and bottom, respectively. 
Figure 9. Effect of antifungal chemicals on fungal growth 
(2). 
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Test organism: Rhizopus sp. Top row from left 
to right: Amphotericin B (100, 10, 1 ppm), 
Candicidin (500, 100, 50 ppm), Filipin (200, 
100, 10 ppm). Bottom row from left to right: 
Mycostatin (1000, 400, 200 pmm), U 2069 (1000, 
750, 500 ppm), control. In each plate, paper 
discs with higher, medium, and lower concentration 
of a chemical were placed at top right, top left, 
and bottom, respectively. 
Figure 10. Effect of antifungal chemicals on fungal growth 
(3). 
3 1 
Test organism: Penicillium sp. Top row from 
left to right: Amphotericin B (100, 10~ 1 ppm), 
Candicidin (500, 100, 50 ppm) , Filipin (200, 
100, 10 ppm), Mycostatin (1000, 400, 200 ppm). 
Bottom row from left to right: Captan (1000, 
500, 250 ppm), Difolatan (1000, 500, 250 ppm), 
Phaltan (1000, 500, 250 ppm). In each plate, 
paper discs with higher, medium, and lower 
concentration of a chemical were placed at top 
left, top right, and bottom, respectively. 
Figure 11 . Effect of antifungal chemicals on fungal growth 
( 4) . 
Table 4. Effect of antifungal chemicals on growth of 
Aspergillus, Penicillium, Rhizopus , Botrytis 
sp. on Sabouraud maltose agar (Difeo) at ?Oo 
F, 85 percent relative humidity 
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Difolatan (500 ppm), Candicidin (500 ppm), Difolatan (250 
ppm), SD 8251 (1000 ppm), Captan (1000 ppm), Mycostatin 
(200 ppm), and U-2069 (1000 ppm) with their values all 
ranked above 100. 
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No fungal growth was observed within the zone of 
inhibition when the plates were incubated for an additional 
week. The antifungal chemicals which yielded the zone of 
inhibition in this experiment were, therefore , considered 
to be active against the fungal spores. They inhibited the 
growth of fungi by inhibiting the spore germination. The 
inhibition of sporulation of fungi is a function of the con-
centration of chemicals as the degree of inhibition increased 
with the increase in concentration of the chemicals. 
DISCUSSION 
The experiments involved in this investigation were 
designed to study the over-all effects of several treatments 
considered to have influence on prolonging refrigerated-life 
of the fresh sweet cherries. The investigation revealed 
that with the appropriate combinations of hydro-cooling, 
antifungal chemical, and packaging treatments, it was 
possible to extend the relatively short storage life of 
fresh sweet cherries from 14 days to 30 days without sub-
stantial deterioration. These findings concurred with the 
observations of Do and Salunkhe (1964), Salunkhe (1955), 
Salunkhe and Dhaliwal (1963), Salunkhe et al. (1962), and 
Salunkhe and Norton (1960), with regard to the effects of 
chemicals and packaging treatments on storage of fruits and 
fruit products. 
Hydro-cooling treatment 
This removed the field heat of fresh Lambert cherries 
right after the harvest and slowed down the metabolic break-
down of the fruits as well as the activities of microorganisms 
existing on them. The rapid decrease of gradient of the 
fruits obtained, as from 80° F to 32° Fin 6 . 5 minutes, might 
be ascribed to the relatively small fruit size hence larger 
surface area and also to the circulating ice cold water at a 
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rate of 16.9 gallons per minute per square foot of cross-
sectional area. These factors enabled the heat transfer 
efficiently from cherries to the cooling water. In contrast 
with this, 35 minutes were required to hydro-cool peaches 
from 89° F to 40° F according to Salunkhe et al. (1962). 
Antifungal chemical treatment 
Mycostatin appeared to be the most effective antifungal 
antibiotic in hydro-cooling, dipping, as well as in in vitro 
test. It is a broad spectrum antibiotic which inhibits the 
germination of fungal spores. Frear (1948) reported that 
fungicides act often by interfering with the oxidation-
reduction mechanism of the spore. Horsfall (1956) suggested 
that fungicides can disrupt the Krebs cycle at any point by 
competing with the dehydrogenation processes. Therefore, it 
might be assumed that fungi became unable to secure energy 
to carry out their vital processes, eventually gave rise to 
loss of vitality. Consequently the antifungal chemical con-
cerned was fungicidal in nature. 
Packaging treatment 
Among the five packaging materials used, Mylar 50 film 
appeared to be most promising. This agreed with the finding 
of Cooper and Salunkhe (1963). Between two polyethylene 
films, polyethylene A gave better results than polyethylene 
B. This confirmed the results of Salunkhe and Dhaliwal (1963). 
Obviously, there were modified atmosphere built up in each 
package. The possible explanation for the different results 
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could be that Mylar 50 film has a characteristic permeability 
to carbon dioxide and oxygen gases as well as to water vapor. 
So that carbon dioxide evolved from the respiration of the 
cherries would not accumulate in the package and cause 
anaerobic breakdown of the cherries which could be detected 
by the off-flavor formation. Similarly, moisture given off 
by the cherries permeates through the film in such extent 
that no condensation would occur within the package. Yet 
the package was able to prevent the cherries from withering. 
In general, the refrigerated-life of fresh cherries 
(variety: Lambert) could be extended to a period up to 30 
days by hydro-cooling the fruits with ice water incorporated 
with antifungal antibiotic Mycostatin (400 ppm) and circulated 
at a rate of 16.9 gallons per minute per square foot of cross-
sectional area. Then the cherries were packaged in Mylar 50 
film bags and stored at 32° F, 90 percent relative humidity. 
However, most of the antifungal chemicals employed in 
this study were of experimental use and their practical 
application as fruit preservatives has not been approved by 
the Food and Drug Administration. At present, potassium 
sorbate, sodium dehydroacetate (DHA-S), captan and Dowicide 
A have the approval with a limited dosage. It is important 
that the problem of residual toxicity to the consumers has 
to be investigated thoroughly so that no hazards will occur 
on consuming the treated fruits. 
SUMMARY AND CONCLUSION 
1. Lambert cherries were hydro-cooled with a pilot 
type hydro-cooler. Gradient decrease was very rapid (49 
degrees to 1 degree in 5 minutes' hydro-cooling) with a flow 
rate of ice water at 16.9 gallons per minute per square foot 
of cross-sectional area. 
2. Hydro - cooling Lambert cherries with antifungal anti-
biotic, Mycostatin, at 400 ppm and subsequent packaging treat-
ment with Mylar 50 film bag followed by refrigerated storage 
at 32° F, 90 percent relative humidity, prolonged the shelf-
life of cherries effectively up to 30 days, and fairly 
effectively up to 60 days. 
3. Antifungal chemicals~Amphotericin B, Candicidin, 
Filipin, Mycostatin, Captan, Phaltan, and Difolatan~were 
found to be effective in extending the storage life of 
Lambert cherries up to 30 days when they were applied by 
post-harvest dips and the cherries packaged in Mylar 50 
films. 
4. Among the antifungal chemicals tested against 
Aspergillus sp., Penicillium sp., Rhizopus sp., and Botrytis 
sp., Mycostatin was found most effective and Difolatan the 
second. Sporulation of the fungi was inhibited by the 
effective chemicals. 
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